A chemically-defined medium was developed which supported growth of Streptococcus fuecium and permitted synthesis of urease. This streptococcus cannot utilize ammonia and needs a complex medium, but its requirements are probably provided in the rumen. The specific activity of urease was inversely related to growth and in no medium was there high growth and high urease activity. Anaerobic culture and the presence of urea in the medium were essential for urease activity, but not for growth.
INTRODUCTION
A strain of Streptococcus faectum appears to be responsible for the major part of ruminal ureolytic activity in sheep fed on roughage (Cook, 1976a) . This streptococcus, unlike many of the predominant rumen bacteria, cannot utilize ammonia and requires a complex medium. For the isolation of the streptococcus and determination of its properties, Cook (1976a) used anaerobic media based on some of those in general use for rumen bacteria. These have cysteine as reducing agent, and medium preparation and incubation are done under an atmosphere of oxygen-free carbon dioxide. Anaerobic conditions and the presence of urea are necessary for urease production by the streptococcus in such media. Yeast extract, or a protein hydrolysate, and a fermentable carbohydrate are required for growth. However, as these media are largely undefined, we have tried to produce a defined medium giving high growth and urease activity which would help in relating conditions of growth and activity of the streptococcus in vitro with those in the rumen and also with those of other streptococci.
METHODS
Micro-organisms. The strain of Streptococcus faecium was isolated from the rumen of a sheep fed on roughage (Cook, 1 9 7 6~) .
Chemicals. Brain-Heart Infusion was from Oxoid; agar was from Difco. All the ingredients in the chemically-defined medium, and other chemicals, were of the purest grade available from BDH. Glass-distilled water was used throughout. C02 (British Oxygen Co.) was passed over heated Cu to remove 02.
Culture medium. Amino acids, bases and salts were prepared according to Williams (1955) and vitamins according to Leslie (1961) . The concentrations of amino acids, nitrogen bases and inorganic salts in the complete medium were those formulated by Carlsson (1970) for the growth of Streptococcus sanguis and the concentrations of the vitamins were based on those used for the growth of Streptococcus salivarius in a defined medium (Carlsson, 1971 
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in the complete medium were determined from the results of earlier work (Cook, 1976a) . Anaerobic conditions were achieved by using cysteine. HCl as the reducing agent and C02 (in combination with NaHCO,) as the gas phase. Media were filter-sterilized (0.25 pm pore size), dispensed under C02 in LO ml amounts in tubes (150 x 15 mm) with rubber bungs and stored at 2 "C until used.
Bacterial growth. The estimation of bacterial concentration and the interrelationship between the growth measurements was as described by Cook (1976a) . The growth unit is the extinction measured at 650 nm in a 10 mm light-path in an EEL Spectra spectrophotometer with the uninoculated medium as reference.
Urease activity. This was determined as previously described (Cook, 1976~) and the units of urease activity are expressed per ml of culture. One unit is the amount of urease which catalyses the hydrolysis of 0.5 pmol urea and liberates I pmol NH3 in I min at 38 "C. Specific activity is defined as the units of urease activity per ml of culture divided by the E,,, of the culture.
Experimentalprocedure. A culture of S. faecium, grown anaerobically in medium E (Cook, 1976a) for 20 h at 38 "C, was used as the inoculum (0.2 %, vlv) for the defined media. The organism was subcultured daily, using a 0.2 % inoculum, in the same defined medium for 10 days. The maximum bacterial growth and related urease activity were determined for each culture, but to allow for complet? dilution of any constituents carried over from the complex medium and for any adaptive effects to take place, the growth and activity of the bacterium in any medium was taken as the mean of the values for subcultures on days 5 to I o inclusive.
Initially, each constituent of the complete defined medium (medium C I~) was omitted individually; any constituent whose omission decreased either growth or urease activity to below 80 of that for the complete medium was considered essential. Subsequently, those constituents shown by the initial experiments to be non-essential were deleted cumulatively (Rabin & Zimmerman, 1956) . Finally the constituents shown to be non-essential in any one group of compounds (amino acids, vitamins, bases and salts) were omitted in combinations to avoid any synergistic effects.
The purity of the cultures was checked daily by plating on Brain-Heart Infusion agar and incubating aerobically at 38 "C for 20 h. (Table I) incubated anaerobically in an atmosphere of C02. From this medium the modified medium (D83) was developed (Table I) .
RESULTS

Streptococcus faecium grew in medium C I~
The buffering capacity of the medium, which was provided partly by CO,/NaHCO, (4 mg ml-1) and by Na2HP04/KH2POp (each I '5 mg ml-' ), was adequate with 0.5 % rnannitol as the energy source, but when glucose was used as the carbohydrate, or when the essential amino acids were added at 5 mg d-l, the concentration of each phosphate buffer salt was increased to 5 mg ml-l to prevent a change in pH. This high concentration of phosphate did not affect either the growth or urease activity when mannitol was the energy source.
A chemically-reduced medium (indicated by colourless resazurin) was essential for high urease activity. Previously thioglycollate or cysteine had been used as reducing agent (Cook, 1976a) , but only for autoclaved media. Thioglycollate (0.75 mg ml-l) did not reduce the filter-sterilized media sufficiently and urease activity was low. Sufficiently reduced conditions were obtained when the thioglycollate was added to the basal medium which was subsequently autoclaved and purged with O,-free COz before cooling, but cysteine . HCl had to be used to reduce the filter-sterilized media. The culture urease activity in medium Crg reached HCI (0.2 mg ml-l) , Na,HPO, (I '5 mg ml-l) and KH,PO,
(1.5 mg ml-l) and had a pH of 7.4. They were incubated under an atmosphere of 0,-free COa. its maximum (0.69 units ml-l) at 0.2 mg cysteine ml-l, but growth increased from 9.1 units at 0.05 mg cysteine ml-l to 13-3 and 142 units at 0-2 and 0.5 mg ml-l respectively. Autoclaving the medium did not affect the results. There was no growth in the absence of carbohydrate. The omission of urea did not affect growth on any carbohydrate, but gave no urease activity. It was confirmed that mannitol gave higher urease activity than other carbohydrates fermented by the streptococcus (Cook, 1976a) . There was no effect on growth or activity when FeS04. 7H20 or MnSO, . 4H20 were omitted separately or together; probably Fe2+ and Mn2+ are contaminants in the medium. However MnS04.4H20 was retained in medium D83, but FeS04.7Hz0 was omitted as it formed a precipitate which might have absorbed other constituents during filtration of the medium. NaCl, NaHCOs and sodium acetate were not essential, but growth was slightly greater when acetate was at 250 to 300 pg ml-l (Table I) ; at higher concentrations growth declined slightly but not to the level without acetate. Thiamin and q-aminobenzoic acid but not folic acid, calcium pantothenate, riboflavin or nicotinic acid could be omitted from the medium without decreasing growth. Omission of biotin or pyridoxin induced an adaptive response, respectively, in urease activity or in growth (Fig. I) .
Medium
Omitting arginine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, serine, threonine, trytophan or valine markedly decreased growth and therefore these were considered as essential. Omitting alanine, asparagine, aspartic acid, hydroxyproline, phenylalanine, proline or tyrosine did not decrease either the growth or urease activity to less than 80 % of that in the complete medium and these were omitted from the final medium (D83).
Cysteine was retained as the reducing agent, and possibly as a source of sulphur, but not as an essential amino acid since thioglycollate could replace cysteine in the autoclaved defined medium.
Defined medium for Streptococcus faecium
239 When the essential amino acids in medium D83 were increased to 5 mg ml-l the effect on growth varied with the amino acid. With arginine, growth increased by 5or 6-fold and with isoleucine, leucine, lysine, methionine and serine by approximately 2-fold. Increasing the concentrations of glutamic acid, glycine, histidine, threonine, tryptophan and valine did not appreciably increase growth above that in medium D83.
DISCUSSION
The genus Streptococcus includes nutritionally fastidious bacteria difficult to culture in defined media (Tittsler et al., 1952) . Although some streptococci can utilize NHs, which is the major nitrogenous compound in rumen fluid, S. faecium does not and is dependent on a mixture of amino acids. These amino acids are presumably those in the rumen fluid pool arising from hydrolysis of feed protein or lysis of dead bacteria. The amino-acid requirements of this strain of S. faecium are similar to those found by Dunn et al. (1947) for the growth of S. faecalis R ( A T C C~O~~) except that the latter required tyrosine and alanine but not glycine or serine.
Acetic acid, which is in high concentration (60 mM) in rumen fluid, had a slight stimulatory effect on the growth of S. faecium, though its optimum effect was at only 3 to 5 mM. Adenine, guanine and uracil were not essential for the growthof S. faecium which is in keeping with results for other streptococci (Niven & Sherman, 1 9 4 ; Hartman, Zimmerman & Rabin, 1957; Snell, 1945 (1971) showed that ammonia-utilizing S. salivarius grew anaerobically as well as aerobically when ammonium sulphate was replaced by urea in a defined medium. Our strain of S. faecium did not utilize ammonia from hydrolysis of urea in either complex or defined media but urea was essential in both media for the production of urease; in addition urease was produced only during anaerobic growth, although the coccus is a facultative anaerobe (Cook, 1976a) . These and other experimental results led to the suggestion (Cook, 19763) that urease activity was coded on a plasmid. In previous experiments (Cook, I 976 a) , in which the concentrations of the carbohydrate or nitrogenous constituents (such as Bacto-casitone) were varied, growth and urease activity were apparently affected in an inverse ratio. The present results confirm this and could suggest that the plasmid does not replicate synchronously with bacterial replication and that there is no medium constituent which stimulates plasmid replication. There were two apparent exceptions to the relationship between growth and urease activity. The deletion of Mg2+ decreased growth but also led to a low specific urease activity. As Mg2+ is associated with ribosomes and the synthesis of proteins this effect was probably to be expected. The deletion of biotin, however, caused a large decrease in urease activity without affecting growth during the first subcultures (Fig. I) .
After seven subcultures the activity returned to more normal values.
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